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(54) Structure and method for fabricating of a field emission device 

(57) The invention generally relates to the technical 
field of devices using the effect to emit electrons out of 
a soOd into vacuum due to Ngh electric field strength. 
Such devices are usually called field emission devices. 
The invention relates more specifically to the structure 
of a field emission device and to methods of fabricating 
a field emission device. 

The inventive structure of a field emission device 
comprises a tip 1 for emitting electrons, said tp 1 has a 
body 2 of a first material, said body forms a series rests- 
tor, said tip is centered in relation to a gate aperture 3 
which in particular is a circular gate aperture formed by 
an electrode 4, wherein said tp 1 projects above the 
surface of said electrode 4 forming the gate aperture 3. 

The inventive method for fabricating a field emis- 
sion device aJlov^mec^caJcfirnensk>nsofthetipsand 
the gate electrode to be independently controllable and 
thus offers a large process window and an easy manu- 
facturability. The range of threshold voltages at which 
devices emit which have been processed according to 
the inventive methods is very small and thus offers high 
murtipJexfeilrty. 
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Description 

Technic Field 

The present invention relates to the technical field s 
of devices using the effect to emit electrons out of a 
solid into vacuum due to high electric field strength. 
Such devices are usually called field emission 
devices*. The invention relates to the structure of a field 
emission device, to the method of fabricating a field 10 
emission device, and, more specifically, to the use of a 
multitude of field emission devices in the technical field 
of flat panel displays. 

Background Art is 

Field emission devices can be used to replace con- 
ventional thermal emission devices as electron sources 
for ag. scanning electron microscopes, Ngfi perform- 
ance and high frequency vacuum tubes, and, more gen- so 
eral, for vacuum mkroeJectrortic devices. 

In recent years there has been a growing interest in 
using miniaturized field emission devices in the techni- 
cal field of flat panel displays. A miniaturized device 
which uses a multitude of tips or microtip6 for electron 25 
emission simultaneously and which achieves high elec- 
tric field strengths, by applying fairly low voltages due to 
tip-to-electrode distances in the micron range was fkstfy 
proposed by CA Spindt in Journal of Applied Physics, 
Vol. 39 (1968), Na 7, pages 3504 - 3505. Several pubfi- 30 
cations by the same author and by others followed over 
the last twenty years. A comprehensive review is given 
in IEEE Transactions on Electron Devices, Vol. 38 
(1991), Na 10, pages 2289-2400. 

A typical f ield emission device comprises a conduce ss 
five tip placed on a conductive electrode which usualy 
forms the cathode electrode. The tp end is surrounded 
by a gate electrode. An appropriate voltage is applied 
between the cathode and the gate electrode to emit 
electrons into the vacuum. For the application of these 40 
field emission devices in the technical field of flat panel 
displays the tip and gate arrangement is encapsulated 
by an upper and lower glass plate. 
The upper glass plate contains the anode electrode and 
a phosphorous layer. An applied voltage between the 46 
cathode and the anode electrode accelerates the elec- 
trons emitted by the tps towards the phosphorous layer 
which emits visible figjrt as usable in a display device. 
Gate and cathode electrodes are typicaiy arranged in 
orthogonal stripes which allows matrix a d dr es si ng of so 
the electron emitting t^ps. UsuaBy, an array of typicaiy 
1.000 tps is forming one pixel 

One major problem of the application of field emis- 
sion devices as fight emitting sources in flat panel Dis- 
plays is the non-uniformity in the emission ss 
characteristics of the multitude of tjpa For a field emis- 
sion device it is very important that the range of thresh- 
old voltages, at which individual tips emit, is as small as 
possible. This allows for a better muttq^lexirigbehavfour. 



The reliabOrty of tip emission depends on several factors 
Ite applied voltage, cleanliness of the tips, vacuum 
quality, geometry, materials, etc. The field emission is 
extremely sensitive to the above cited factors. Despite 
the fact the about 1 ,000 tips were electrically driven in 
parallel and should form one pixel, it was not able to 
achieve stable and uniformly illuminated pixels. Typi- 
cally a few of the tips operating at a high current level 
bursted and caused short circuits between the cathode 
and the gate electroda As a consequence, this short 
circuit cfisaWes a complete cathode and gate electrode 
stnpa 

In A. Ghis et al: "Held Vacuum Devices: Fluores- 
cent Microti Displays", IEEE Transactions on Electron 
Devices, Vol. 38 (1991). Na 10, pages 2320 - 2322, 
which can be regarded as the nearest prior art docu- 
ment according to the structure of a field emission 
device of the present invention, a polysilicon resistive 
layer underlying a multitude of tips was introduced by 
which the current flowing through the tips was limited. 
An electron emitting tp which is connected via a resis- 
tive layer to a conductive layer which is the cathode 
electrode. 

This arrangement is built on a first glass substrata The 
third conductive layer, which is the gate electroda is 
separated from the first conductive layer by a dielectric 
layer. The first conductive layer acts as a series resist- 
ant layer for each tip. 

Each pixel was divided in 50 groups of tips, each 
group consists of 36 tips. Each tip within a group is con- 
nected via a common polysilicon resistive layer to the 
cathode electrode which is meshed. Therefore, there is 
no cathode electrode metallization directly underneath 
the tipa Therefore, in case of a short circuit between 
one tp and its respective gate electrode the whole pixel 
(made of 50 groups) will not be affected. However, it is 
stil disadvantageous that in case of a failure of one tip 
the respective complete group of tips will fail It is also 
Disadvantageous that there is a considerable voltage 
drop within one group of tips caused by the various Dis- 
tances between individual tips and the cathode elec- 
trode which leads to cffferent values of the series 
resistance for each individual tip. This voltage drop 
requires a considerably higher driving voltage and also 
power consumption and resutts in less tip emission cur- 
rent 

Furthermore, the voltage drop causes a non-uniform 
emission within one group of tips and therefore causes 
a non-unrforrrtty in pixel brightness. 

The method for fabricating of field emission devices 
has a significant influence on the performance of field 
emission devices in each of the applications of field 
emission devices mentioned abova In T. Asano: "Simu- 
lation of Geometrical Change Effects on Electrical Char- 
acteristics of Micrometer-Size Vacuum Triode with Field 
Emitters", IEEE Transactions on Electron Devices, Vol. 
38(1991), Na 10. pages 2392 - 2394, a simulation of 
the change in electrical characteristic of a field emission 
device due to changes in physical dimensions has been 
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descrfoed. A major resutt of this simulation is that the 
deviation of the gate opening size more strongly effects 
the field strength near the tip than a misafignment of tp 
and gate aperture Furthermore, the simulation shows 
that this effect is more pronounced when the gate vort- s 
age is low. These results show the significance of a well 
controlled geometry of the field emission device and 
therefore the impact of an appropriate fabrication 
method. 

In US patent rxx 4,168.213 (Hoebrechts), US pat- w 
ent rxx 5.126,287 (Jones) methods for fabricating field 
emission devices are descrbed that use partially self 
aligned processing techniques. In the US patent rxx 
5.141,459 (Zimmerman) a fabricating process for field 
emission cathodes using conformal layer deposition on is 
a sacrificial dielectric layer is descrfoed. Since the diam- 
eter of the gate electrode aperture is a significant 
parameter for the emission efficiency, and therefore 
should be minimized to achieve high emission effi- 
ciency, it is disadvantageous from the descri>ed fabrica- 20 
tkxi process that a small gate aperture diameter can 
only be achieved by a high resolution lithographic 
depositing, and etching technology, e.g_ to realize sub- 
micron gate aperture diameter requires stixricron litho- 
graphic, depositing, and etching technology. These high 2s 
technology requirements are further more disadvanta- 
geous for the application of field emission devices in the 
technical field of fiat panel tfisplays with their typically 
large substrate dimensions. 

The unpublished application EP-A-941 13601 c5s- 30 
closes a structure of a field emission device which com- 
prises an indrviduaJ series resistor for each electron 
emitting tip, wherein the series resistor is formed by the 
tp ttseHL The tip comprises a body of aftst material with 
high resistivity and an at least partial coating of a sec- as 
ond material with low work function, wherein the body of 
the first material forms the series resistor and the coat- 
ing of the second material provides for electron emis- 
sion. The method for fabricating a field emission device 
uses depositing and sacrificial layer etch back tech- 40 
niques to provide easy and precise control of tp height 
and shape and also easy and precise control of the lat- 
eral tip-to-gate distance and geometry. The method 
requires a bonding process for bonrJng a first substrate 
to a second substrate. This bonding step imposes 45 
objectives onto the manufacturabflity of the structure 
which might irret the size of the Mat panel display sub- 
strates. 

Some of the prior art methods for fab ricatin g field 
emission devices are using certain ithographic, depos- so 
Hing, and etching processes as normally used in the 
technical field of semiconductor process technology. In 
S.M. Sze: "VLSI Technology-, McGraw-HiB, New \brk, 
1988, theoretical and practical aspects of the VLSI 
(Very Large Scale Integration) technology; as the 55 
present standard for sernconducto 



Objects of the Invention 

It is an object of the invention to provide a field 
emission device with reliable and reproducible perform- 
ance concerning the emission efficiency even in the 
case of geometrical variation of the tip-gate electrode 
arrangement For the application of field emission 
devices in the technical field of flat panel displays using 
a multitude of tips forming one of a multitude of pixels it 
is another object of the invention to provide an electron 
emission device with a high uniformity in emission effi- 
ciency from tip to tip. 

Concerning the method for fabricating a field emis- 
sion device it is an object of the invention to provide a 
method for fabricating with relaxed process require- 
ments for a given gate aperture diameter and a method 
for fabricating which allows the refiable control of the lat- 
eral and vertical tip to gate distance. 

SMmmary of ft? Invention 

The objects of the invention are fulfilled by the char- 
acteristics stated in independent claims 1 and 6. Further 
arrangements of the invention are dsclosed in the 
according dependent claims. 

The invention as descrfoed in independent claim 1 
eliminates the disadvantages previously described for 
the prior art A field emission device with a series resis- 
tor formed by the tip itself can be directly connected to 
the supply electrode, e.g. the cathode electrode As no 
additional resistive layer is required the fabricating proc- 
ess for such a fiekJ emission device is easier, more reli- 
able, and cheaper. In the case of simultaneous use of a 
multitude of tips, the t^ndrvidual series resistor offers 
higher tp to tip homogeneity of electron emission, since 
there is no voltage drop within a group of tips. Further- 
more, the "no voltage drop" has the advantage of a 
lower supply voltage and therefore less power con- 
sumption. The less supply voltage also has the advan- 
tage to use a more convenient control electronics. 
Furthermore, it is advantageous from the tip individual 
series resistor that in the case of a failure, ag. a short 
circuit between one tp and its related gate electrode, 
just this tip fails and all surrounding tips reman 
unchanged in performance. This offers a high homoge- 
neity and a high overall emission efficiency even in the 
case of a failure. 

The tip is centered in relation to a particularly circu- 
lar gate aperture that is forming an electrode; the gate 
electrode This gate electrode allows advantageously 
easy and precise emission control. Furthermore, the 
emission and the acceleration of the emitted electrons 
can be controlled separately, ft is extremely advanta- 
geous for the tips to project above the surface of the 
electrode forming the gate aperture If the tip apex 
sticks out of the gate electrode surface level to a earned 
amount the voltage for a constant current stays con- 
stant Building field emission devices with this kind of 
geometry offers a large process window at the same 
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ideal performance. This makes the manufacturing of 
such devices easier and increases their reliabffity. 

The tip comprises a body of a first material forming 
the series resistor and a coating of a second material 
providing for electron emission. This separation of the s 
tip in two components allows more ffexfci&ty in view to 
the optimization of both materials with respect to their 
objects. Furthermore, a particularly thin coating of the 
tip body with the relatively expensive electron emission 
material offers the possibility of cost reduction during to 
the fabrication process. 

In an embodiment of the invention a high resistivity 
material is used for the body of the tip and a material 
with a low work function is used for the coating of the tip. 
This is advantageous since the high resistivity material is 
allows the realization of a small tp geometry with signif- 
icant resistance value. The tow work function material j s 
also advantageous since it a llows a high emission effir 
ciency already at relatively low vortages. 

In a further embodiment of the invention the high 20 
res istivity material is an amorphous or porycrystalline 
sfl^ n^which is rx>^low-ctop ed and the low work func L 
ton material is t ungsten (W) or m o lybdenum (Mo). The 
use of siGcon for the high resistivity material Isadvanta- 
geous, beca use th ejgs istivity of silicon can be easjy 2s 
modified, either a t the time of deposition of the silicon 
film or after deposition of the silicon film by using diffu- 
sion or ion implantation methods. Furthermore, silicon 
is a very usual material, available in very high purity, rel- 
atively low in cost, and can be deposited by various so 
depositing methods. The use of tungsten or molybde- 
num as a low work function material is advantageous, 
because those material are very usual for electron 
emission devices and can be deposited by using stand- 
ard depositing techniques and equipment as 

In a further embodiment of the invention the tip is 
low-ohrrec or directly connected to a first electrode, 
which is usually the cathode electrode, and which is 
formed on a substrate. 

This is advantageous since it offers a very low or even 40 
no vortage drop between the tip and the cathode elec- 
trode which leads to a hioji ernission efficiency. 

The tp may be opposed to an electrode on a sec- 
ond substrate which comprises also a photon emitting 
layer, in particular a phosphorous layer. This electrode 45 
is used for the acceleration of the emitted electrons and 
allows easy and precise control for the energy of elec- 
trons when arriving at the second substrate. The photo 
emitting layer allows advantageously the use of field 
emission devices as light emitting sources. so 

Held emission devices may be used in the technical 
field of ftat panel displays. Therefore, it is advantageous 
that field emission devices offer the possWity of reafiz- 
ing Bg^rt emitting sources with Npji brightness, high con- 
trast low power consumption, and easy fabricat in g ss 

leading to a flenble and relatively cheap production 
method. 

The use of a multitude of field emission devices in 



the field of flat panel displays with a pixel-oriented 
organization offers the advantage of easy adaption of 
the flat panel device to applications that require low or 
high brightness, tow or high resolution, low or high con- 
trast and small or large dspiaysiza 

The use of a multitude of field emission devices in 
the field of flat panel displays with a pixel-triple-organi- 
zation offers the advantage of the possfcle realization of 
fufl color displays. 

With the invention related to a method for fabricat- 
ing a field emission device as descrfoed in independent 
claim 6, the disadvantages previously descrtoed for the 
prior art are eliminated. The fabrication method as dis- 
closed in the present application offers the advantage of 
relaxed Gthographic, etching, and depositing process 
requirements. Furthermore, this offers a higher ftexfoility 
concerning the selection of process technology and is in 
particular advantageous in view of large-size flat panel 
dfeplays. It is also advantageous, that the disclosed fab- 
ricatfon method off ers the possibility of easy and precise 
ooiyujjj ffjhe lateral arid vertical tip-to-gate distance. 
Using the relaxed lithographic etching, and depositing 
technology requirements the lateral and vertical tp-to- 
gate distance can be weO controlled even in the subrri- 
cron region. A small lateral tip-to-gate distance offers a 
high field emission efficiency at tower voltages and less 
power consurnption which is in particular advantageous 
for battery powered arrangements as flat panel displays 
for mobile computers. The low supply voltage is further- 
more advantageous because it allows a more conven- 
ient control electronics. It is a further advantage of the 
cfisdosed fabrication method that it provides a complete 
cathode, electron emission tip, and gate electroda Fur- 
thermore, it is advantageous that the tp height, shape 
and the amount to which the tp projects above the sur- 
face level of the gate electrode can be controlled easily. 

The separation in first and second dielectric layer 
as described in the fabrication method is advantageous 
for providing a reliable etch stop on the first dielectric 
layer when etottng backtf^ 
accuracy which is defined by this etch stop defines later 
on the tip-to-gate electrode distance and the gate open- 
ing size which is one of the most important factors for 
electron emission efficiency and reliability. 

In a further elaboration of the method for fabrication 
it is advantageous that the combination of SKXr and 
S^ryteyers offers the possibility of selective etching 
with a high selectivity and a reliable etch stop. For the 
use of a polymer as well as for substrates or dielectric 
layer it is advantageous that the polymer can be 
removed by laser irradiation or can be dissolved chemi- 
cally. 

In a further elaborated method for fabrication the 
usage of semiconductor process tetftrotogy offers high 
volume production, low cost high precision and high 
reiabiSty. 

Due to the disclosed method for fabricating electron 
emission devices the tp he^ arri radius is epdre*nely 
unjjorrrt The lateral anJvertical tio-to-oate electrode" 
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distance can easfly be controlled down to subrncron 
Dimensions which allows field emission at low supply. 
voltages. This leads to a lower power consumption 
w hich is an important tact tor battery recharge cyctes in 
portable display systems but allows also the use of a 
more convenient electronic control circuit The dis- 
closed method for fabrication allows a high degree of 
freedom in the choice of the critical materials fike tip 
emitter metal and substrate sizes. 

Brief Description of the Drawings 

Fig. 1AtoRg. 1 F show a preferred embodiment of 
the invention accord ng to the method for fabricat- 
ing field emission devices; 

Fig. 2A to Fig. 2K show another preferred embodi- 
ment of the invention according to a slightly modi- 
fied method for fabricating field emission devices; 

Fig. 3A to Fig. 3E show still another embodiment of 
the invention according to a modified method for 
fabricating field emission devices; 

Fig. 4A to Fig. 4C show a further embocfiment of the 
invention according to a method slightly modified 
with regard to the method for fabricating field emis- 
sion devices of Rg. 3A to Rg. 3E; 

Rg. 5A schematically shows a tip projecting above 
(to an extent +X) or tying below (to an extent -X) the 
surface of the gate aperture electrode; 

Rg. 5B is a olagram showing the voltage for a con- 
stant current as a function of X; 
(both Rgs 5A and 5B are pubSshed in Spindt et a). 
JApphPhya. Vol. 47, No. 12. Dec 1976) 

Fig. 6 is a SEM picture of a silicon tp array; 

Rg- 7 is a SEM picture of a tip anay after the etch- 
ing back of the second insulator layer; 

Fig. 8A and Rg. 8B are SEM pictures of a tip array 
and a tp after the forming of the gate electrode. 

Rg& 1A to 1F show a process sequence as an 
embocfiment of the method for fabricating field emission 
devices. The s emiconductor substrate 7 in Fig. 1A 
already contains aTntittrtu^ 
rial for trro ^^^^Yfe^^^n ielpsI canbefabrn 
cated as shown in Rg. 2B to 2D by masking the 
substrate with tip masks 8» by creating tips 1 by 
underetching the tip mask and by subsequently remov- 
ing the tip masks. A SEM picture of a sificon tip array 
acconfing to the process level of Rg.1 A is shown nRg. 
6. 

As shown in Rg. 1Ba first insulating layer 9 is deposited 
or grow n on the surface and^K^ he^toferaiSce^of 



the substrata The fjrrtjnsulating layer 9 can be thermal 
SjO bor silicon nitrida Now in Rg. 1C a second insufefr 
th gSyer 10 is deposited on thefirst insulating layer 9. 
This second insulating layer is used for planarizino jh e 

s su rface of the substrate and is made of a material which 
al tows to planarize an anay of tips. Suitable materials 
are po^mers and smcategjare, preferable polyimide o r 
resist materials. Depending on the tip height the thick- 
ness of the penalizing layer has to be chosen; in one 

io entxxfrnertwithatipheig)rtofabout8 
ing layer had a thickness of about 10 \im. 

In the next step shown in Rg. 1D the second insu- 
lating layer 1 0 is etched back by plasma etching until the 
tips are projecting above the surface of the second rnsu- 
15 lating layer. 

Fig.7 shows a SEM micrograph of a field emitter array 
after oxidation of the tips, after coating the tips with pofy- 
imide and after the back etch of the polyimide layer. 

In Rg. 1E those portions of the first insulating layer 
20 9 which are directly coating the tips are removed by a 
wet selective etchant In the case of SX> 2 being the 
material of the first insulating layer the etchant is HF or 
buffered HF. 

RnaDy as shown in Rg.1F the substrate is metal- 
ss fized by depositing a metal layer 4 on the upper portion 
5 of the tp and on the surface of the second insulating 
layer 10. The metaUaver 4 deposited on the insulating 
layer IQJ prms the gate ejgggdej Lthe device. The 
metal layeTdeposited should be stable and offer a low 
so work function. Preferably g old or Cr/Au ts chose n. 

The deposition process has to be controlled very 
carefully to avoid electrical shortening between the tips 
and the surrounding gate electrode On the other hand 
the gap between the tip and the surrounolng gate elec- 
ts trade should be as small as possible as this would 
reduce the threshold voftage for fieJd emission consider- 
ably. 

The process sequence used here allows to chose 
the ideal emitter material which appears to be gold 
to since no structuring of the deposited metal layer is 
required. 

Rg. 8A and Rg. 8B show SEM pictures of a tip array 
and a tip with the finished structure including the gate 
metaL 

45 The embodiment described above is extremely simple 
to manufacture and wBI mainly be used as large area 
cold electron source in afield emitter device in vacuum 
applications. 

Rg. 2A to Rg. 2K show another preferred embocfi- 
so ment of the invention according to a sfigthly modified 
method for fabricating the field emission devices. This 
embodiment is wefl suited for being used in display 
^plications. 

In Rg. 2A the substrate 7 which in this case prefer- 
55 ably ^ a glass plato is coated wfm a conductfve layer 13, 
preferably a metal layer. Layer 13 is structured to form 
conductive stripes 13 which are the cathode electrodes 
in the final device. 

The fabrication of the tps is shown in Rgs 2B to 
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2D. First a semiconductor layer 1 4, preferably a polysi! i- 
con layer, is deposited on the conductive stripes. By 
masking the semiconductor layer with tip masks 8, by 
underetching the tip masks in a dry or wet etching step 
and by subsequently removing the tip masks a mufti- 5 
tude of tips is formed. 

After removal of the tip masks 8 the tips 1 and the 
cathode electrodes 13 are coated by a first insulating 
layer 9 and by a second insulating layer 10 as shown in 
Figs. 2E and 2F. In this embodiment the later step of 10 
etching back the second insulating layer 10 to obtain a 
planarized structure as shown in Figs. 2Q and 2H is a 
chemical-mechanical polishing step. 
During this chemical-mechanical polishing step the first 
ins ulating layer 9 acte^anejch^op^g^^Sie is 
material for t his purpose is SJg The cfiarnical- 
mechanicarpoTfehing stepis contn^edlnawaythatthe 
nitride layer 9 covering the tips 1 forms an etch stop. 
This is very important to avoid damage of the tips 
ca u sed by the etch back step. 20 

Fig. 21 shows the device after the removal of those 
portions of first insulating layer 9 which were covering 
the tps. The tips now stick out against the surface of the 
second insulating layer 19. The finai device with a metal 
layer 4 forming the gate electrode and covering the 2s 
upper portion of the tips is shown in Fig. 2K. 

Both Figs. 1 F and 2K dearly emphasize one major 
performance advantage of the proposed devices in that 
the tps 1 project above the surface of the surrounding 
electrode 4 forming the gate aperture 3. Figs. 5A and 30 
5B ©plain the dependencies between the tip/gate 
geometries and the current/voltage behaviour as a func- 
tion of these geometries. Genera lly a low threshold v ott: 
ageforfoeon^of fieM emissCT 
eachdevice irrespective of its specific applicatio n" as 

for a field emitter display ft is however in addition 
very important that the range of the threshold voltages 
at which the inolvidLiai tips emit is as small as possible 
This allows for a better multiplexing behaviour. When 
the tip apex in F&5A is below the surface level of the 40 
gate electrode, which corresponds to the left side of the 
zero line in Fig. 5B, and is moving towards zero, the volt- 
age for a constant current is decreasing. The voltage 
decreases untfl the tip apex has reached a lowest level 
of a few hundred nanometers above the bottom surface 45 
of the gate electrode. If the tip apex increases to stick 
out of the gate elctrode surface level, the voltage stays 
constant 

Buiking field emitters with this kind of geometry 
offers a large process window for the manufacturing so 
process and at the same time excellent performance. AM 
critical dimensions of the tips and the gate electrode like 
the diameter of the gate aperture, the racBus of the tip, 
the tip angle or the cfstance between the tip and the 
gate aperture are independently controiable during the ss 
mamjfecturing process steps. The easy manufacturabiV 
Hy and the high multplexfrtlity due lo the narrow thresh- 
old voltage cfisti*uix)naiJ^ area 
field emitter devices. 



Two further process sequences shown in Figs. 3A 
to 3E and 4A to 4C offer processes for low cost large 
area f ield emitter devices. These devices are also suita- 
ble as cold electron emitters in vacuum nrvcroelectronic 
devices or as cathode devices in flat panel displays. 

In Fig. 3A the tip masks 8, preferable of SiO* have 
been used to form truncated cones 1 on a silicon sub- 
strate by known photolithography and etching steps. A 
further wet or dry etching step leads to the structure 
with overhanging tip masks in Fig. 3B. By thermal oxida- 
tion the truncated cones are shrinked to provide sharp 
tps and at the same time to build up the first insulating 
layer 9 covering the sharp tips and the surface of the 
substrate As to be seen in Fig. 3C the overhanging tip 
masks have not been removed during or after the ther- 
mal oxidation step. 

Next a metal layer 4 is deposited, preferably by 
evaporating a metal that closefy sticks to the underlying 
insulating layer 9 and that allows to transport a small 
gate current The metal layer covers the insulating layer 
9 as well as the overhanging tip masks as to be seen in 
Fig. 3D. Suitable is a chromiunVgold deposition. 

In Fig. 3E the tip masks 8 with the metal coating 
thereon and those portions of the insulating layer 9 
which directly cover the top part of the tips are removed. 
This may be done by etching with buffered HF. On the 
backside of the substrate one or more conductive layers 
1 1, 12 may be provided which are used as series resist- 
ance or allow better contacting of the substrate. 

Fig. 4A corresponds to the substrate 7 with sharp- 
ened tips 1 covered by the insulating layer 9 of Fig. 3C. 
trt Fig. 4B a second insulating layer 10 is deposited and 
etched back to a defined level. A suitable material for 
this layer is photor esist or pojyjmjdg, materials which 
may be applied by spin coating, h is important that to e 
overhanging tpmasKs are sticKing out of the surface of 
the etehedbacTTffSriating layer ToT ^ 

The further steps necessary to complete the device 
as shewn in Fig. 4C correspond to the steps already 
described in Figs.3D and 3E 

In the slightly modified device of Fig. 4C the gate 
electrode 4 is parallel to the surface of the substrata 
The cfielectric portion formed by jte^rst-anjl^econd 
irisulati^^grsg, IQjsTnuchthkfrer thus offering a 

nrwehicwer de vice cap acity " 

Ttfe kind of device sffierefore especially suitable for 
some high frequency circuits. 

Claims 

1. Afield emission device comprising a tip (1) for emit- 
ting electrons* 

said tip (1) having a body (2) of a first material, said 

body (2) forming a series resistor, 

wherein said tip (1) is centered in relation to a gate 

aperture (3), in particular a circular gate aperture, 

said gate aperture (3) being formed by an electrode 

(4). 

charact e rised in that 
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said tp (1) projects above the surface of said elec- 
trode (4) forming the gate aperture (3). 

2. The field emission device of claim 1 wherein 

said tip (1) further comprises an at least partial s 
coating (5) of a second material, said coating pro- 
viding for electron emission. 

3. The field emission device of daim 1 or 2 wherein 

said first material is a material with high resistivity, to 
said first material comprising no- or low-doped 
amorphous or porycrystalline silicon. 

4. The field emission device of claim 2 wherein 

said second material is a material with low work is 
function, preferably W or Ma 

5. The field emission device of any of the preceding 
claims 1 to 4 wherein 

said tip (1) with said series resistor is low-ohmic 20 
coupled, in particular directly connected, to an elec- 
trode (6) formed as a conductive layer on a sub- 
strate (7). 

6. A method for fabricating a field emission device, 2s 
said method comprising the steps ofr 

a) providing a semiconductor substrate (7), 

b) masking said substrate (7) with tip masks so 
(8). 

c) creating tips (1) by underetohing said tp 
masks (8), 

35 

d) removing said tip masks (8), 

e) coating the total surface of said substrate (7) 
with a first insulating layer (9), 

40 

t) depositing a second insulating layer (10) on 
said first insulating layer (9), 

g) etching back said second insulating layer 
(10) unti said tips (1) are projecting above the 46 
surface of said second insulating layer (10), 

h) removing those portions of said first instat- 
ing layer (9) drectfy coating said tps (1) and 

so 

i) metallizing said substrate (7) thus forming a 
gate electrode (4). 

7. The method according to claim 6 wherein 

55 

- step c) and step e) are combined to one proc- 
ess step, said process step including shrinking 
said tips (1) by thermal o xidation to provide 
sharp tips thus coating the total surface of said 



substrate (7) with said first insulating layer (9), 

- step d) is not carried out 

- step i) is carried out before step h) with step i) 
including metallizing said tip masks (8) and 

- step h) is removing those portions of said first 
insulating layer (9) directly coating the top part 
of said tips (1) and includes removing of said tip 
masks (8). 

& The method according to claim 7 wherein steps f) 
and g) are not earned out 

9. The method according to daim 7 or 8 wherein 
step a) or step i) include providing a conducting 
layer (1 1 ,12) on the backside of said substrate (7). 

10. The method according to claim 6 wherein 

- step a) includes coating said substrate (7) with 
a conductive layer (13), structuring said con- 
ductive layer to form conductive stripes (13) 
and depositing a semiconductor layer (14) on 
said conductive stipes (13) and 

- step b) is masking said semiconductor layer 
(14) with said tip masks (8). 

11. The method according to any of the preceding 
claims 6 to 10 wherein 

said first insulating layer (9) is a SK^-layer or a 
SfeMayer, 

said second insulating layer (10) is a polymer like 
polyimide, a resist or a silicate glass, 
said etching back said second insulating layer (10) 
uses a plasma etch step, 

said partially removing said first insulating layer (9) 
uses a wet etch step and 

the material used for metalBzing said substrate is 
stable and offers a lew work function as for example 
AuorCr/Au. 

12. The method according to daim 6 wherein 
said first insulating layer (9) is a S^-layer, 
said second insulating layer (10) is SK>2. 

said etching back said second insulating layer (10) 
uses a chemical-mechanical polishing step, 
said partially removing said first insulating layer (9) 
uses a wet etch step and 

the material used for metalfizing said substrate is 
staWeandoffersalowworkfurctionasforexarn^ 
AuorCr/Au. 

13. The method according to any of the preceding 
claims 6 to 12 wherein 

all said masking, etching, removing, coating, 
depositing, structuring and metallizing steps are 
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performed with serrtconductor process technology. 
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FIG. 5A Effect of changes of cathode dimensions In the 
100-cone array. (Dimensions in pm.) 
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FIG. 5B Voltage for 100 uA as a function of jr. Case (i) r 
=600 A, 0=1. 9 jnn; case GO r-500 A, />= 1.3 pm. 
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